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Abstract

Because the nonlinear Schrédinger equation is met in many physical problems and is applied
widely, the research on well-posedness for its solution and numerical methods has aroused more and
more interest. The self-adjoint case has been considered by many authors (-], For a class of

“system of nonlinear and non-self-adjoint Schridinger equations which refers to excitons ocenrring in
one dimensional molecular crystals and in @ spiral biomolscules, Guo Boling studied in [6], the pure
initial and periodic initial value problems of this system and obtained the existence and uniquensss of
its solution. In [7] we discussed the difference solution of this system and obtained its error estimate.
In this paper, we shall study the finite elemont method for the periodie initial value problem of this
system. Just as Guo pointed out in [6], since it has & non-seif-adjeint term, it not only brings about

trouble in mathematics, but also creates more difficulty in numerical analysis.
Qur analysis will show that for this system, in theoretically we can obtain the same resnlts asg

when it has no non-self-adjoint term.

§1. Notations and Statement of the Problem

Write I = [0, 2w]. Let Ly=1ILy(T) denote the set of complex valued functions
‘which are square integrable. The scalar product of f and ¢ in Lo(I) is denoted by
i

(f, ) mL fgdz and the norm of f by IS L.=(L | f Iﬂdm)g; L.=L,(I) denotes the

set of essentially bounded complex value functions, the norm ig defined ag | £l oo =
esssup | f(x)], and Hr(I) denotes the space of complex value periodic functionsg,

which have square integrable generalized derivatives D*f(z) (k<r). Let | fly=
1 o o
(IEE | D*flz,)* denote the norm of f in H"(T). The space L=(0, T; H") oonsists of

complex value functions (=, $) that, as a funotion of @, belong tfo Hr and that
satisfy sup |u(.,#){,<oo, In partionlar, if #=0, it is L= (0, T; T,), where T, is the

0<i<T
set of periodic functions in L,.
Now we consider the following periodio initial value problem for the system of

nonlinear and non-self-adjoint Schrédinger equations
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i 2 (4(2) Z)+B L+ B(=)g(|u|)u+K (5 Du

~G(z, t), —oco<w< +oo, 01T, (1.1)
u(os, 0)=u’(s), —ocola+00,
u(z4-2m, 1) =u(z, §), 0<i<T,

where
ﬂ‘i(‘-’“) G
Aley= aq( @) ' B ﬂ:a. :
ax (w) oN
Kii(m: t): Kiﬂ(ﬂ’: t)? Yy K 1x(a, ﬁ)
K 3 t 3 K : 3 y %y K 3 5
K(w, £)=- st (@ ) aa(®, 1) ax (@, ) |
K'm(w t) Kﬂg(m t), Eyy(m t)
u=u(e, t)=(u (z, 1), us(a, ), , ux{o, t))T is an unkpown complex vector value

function, # is the conjugate of 2, [u|ﬂ=5‘_, |2, G(o, t)=(G(w, 1), Gala, ¥),

Gy(w, 1))7, G4{w, t) are known complex value functions; a (), B(=z), q(s), K, (=, t)

are known real value function, #°(z) = (u)(x), ue(w), »-, wf(w))” is a given
complex veotor value function; o; are constants. Besides, these funciions safisfy the

following conditions:
O<m<a(z) <M, |alz)], |a(2)|<K;

Kir=Kr!; iKIr( t)lr 3K;,- QK

(A)
<@G: 1, r=1, 2 - N,

j |Gh(=, 1) |?da<E, ‘aG‘
l'l-::a!u:;T

IQ(S) | <4s, >0, |B(2)| <B.,

where m, M, »--, G are positive constants.
By the results of [6], we know that (1.1) hag solution # (=, ¢). Moreover o (w, &)

cL> (0, T; H, ux, i)EL"“(O T L) and #(w, 1) satisfies
ity ) (@ 22, 21 (B, o)+ (Bla)a(u] D, )+ (Kisty o)

=‘(GI(': t): 1")! ” (1_2)
(ui'('r 0)! 'U) =:(uln1 "U), VWEHE E=1 2 Lz N

In the folldwing, wo write 4;,(u, v) = j & (m) ) d:n and Alu, v) =25A;(u;, V1)

§ 2. The Semi-Discrete Finite Element Method and
Its Error Estimation

We adopt the finite element method to find the approximate solution of (1. 2)...



